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A B S T R A C T

Objectives. This study assessed
whether aggregate-level measures of so-
cioeconomic status (SES) are less biased
as proxies for individual-level measures
if the unit of geographic aggregation is
small in size and population.

Methods. National Health Interview
Survey and census data were used to rep-
licate analyses that identified the degree
to which aggregate proxies of individual
SES bias interpretations of the effects of
SES on health.

Results. Ordinary least squares re-
gressions on self-perceived health showed
that the coefficients for income and ed-
ucation measured at the tract and block
group levels were larger than those at the
individual level but smaller than those
estimated by Geronimus et al. at the zip
code level.

Conclusions. Researchers should be
cautious about use of proxy measurement
of individual SES even if proxies are cal-
culated from small geographic units. (Am
J Public Health. 2001;91:632–636)
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Aggregate proxies have often been used
for uncollected or missing information on an
individual’s socioeconomic status (SES) in
analyses of health outcomes.1–6 In related analy-
ses, however, Geronimus and Bound7 and Ger-
onimus et al.8 have demonstrated that these ge-
ographic or aggregate proxies contain 2 types
of statistical bias—errors-in-variables bias and
aggregation bias—that affect estimates of the
impact of SES on health and may confound
the effects of other predictors correlated with
SES. In a comparison of zip code and census
tract data, Geronimus and Bound observed that
measures from smaller geographic units may
introduce smaller biases, although the gains
could be limited. In other research, there has
been considerable ambivalence as to whether
gains can be made from using smaller aggre-
gates to generate appropriate proxies for indi-
vidual SES.1,4,7,9–11

Logically, estimates from smaller, more
homogeneous geographic units should provide
closer approximates of individual SES, but
there is no clear consensus. Census tracts are
not only a smaller but also a more homoge-
neous aggregate unit than zip codes, which are
assigned by the US Postal Service merely for
convenience and can cross county and state
boundaries. By contrast, census tracts are de-
signed to be homogeneous with respect to pop-
ulation characteristics, economic status, and
living conditions. Yet, the gains from focusing
on tracts instead of zip codes appear small.

In this report, we extend the analyses of
Geronimus and colleagues to more fully ex-
amine the assumption that estimates from
smaller geographic aggregates yield better SES
proxies for individuals and to assess the con-
sequences of such an assumption. We used the
methods outlined by Geronimus et al. to ex-
tend the analytic question asked by Geronimus
and Bound: Does the size of the aggregate
proxy influence the amount of bias introduced?
In addition, we addressed recent criticisms of
the study of Geronimus and Bound suggest-
ing that the data sets they used were nonrep-
resentative, poor in regard to geographic cod-
ing (“geocoding”), and inadequate in size.2,12

Our replication involved a large, nation-
ally representative survey in which about 90%
of respondents were geocoded and the response
rate was approximately 95%. The data were
derived from 3 years (1988–1990) of the Na-
tional Health Interview Survey (NHIS) linked

to data from the 1990 census at the census tract
and block group levels. In the 1990 census,
census tract and block group enumeration was
extended to all US counties through the block
numbering area system.13 Analyses based on
previous censuses, including that of Geroni-
mus and Bound, did not include rural areas,
because before 1990 these areas were largely
excluded from the tracting process.

Block groups tend to be more heteroge-
neous in nonmetropolitan areas, and our abil-
ity to include areas outside of cities improved
the generalizability of the results. We repro-
duced the analyses of Geronimus et al. for tracts
and block groups in the continental United
States and compared the size of the coefficients
and the direction of the biases inherent in pre-
dictions of self-perceived health.

Methods

In this study, data from the NHIS were
concatenated for 3 consecutive years, 1988
through 1990. The NHIS is an annual survey
of the civilian noninstitutionalized population
of the United States using a stratified multi-
stage probability sampling method. Detailed
information about the demographic and so-
cioeconomic characteristics and health status of
a nationally representative sample of individ-
uals is collected.14 These data are supplemented
with data derived from census files containing
economic and demographic information on
states and geographic subdivisions. The 2 files
are linked by geocodes, which are attached to
individual NHIS records.

The sample consisted of all non-Hispanic
respondents 18 years or older. All individual
measures were derived from the NHIS. Re-
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TABLE 1—Sample Statistics: National Health Interview Survey, 1988–1990

Pearson Correlation Coefficients

Aggregate

Individual Tract Block Group

Log Log Log
Race Family Median Mean Median Mean

Variable Level Mean SD Health (White) Income Education Income Education Income Education

Individual
Health 3.83 1.11 1.00
Race (White) 0.86 0.35 0.13 1.00
Log family income 9.24 0.85 0.24 0.27 1.00
Education 12.63 2.85 0.34 0.15 0.39 1.00

Aggregate
Tract

Log median income 10.45 0.41 0.21 0.38 0.43 0.33 1.00
Mean education 12.97 1.41 0.22 0.27 0.37 0.40 0.77 1.00

Block group
Log median income 10.44 0.46 .21 0.37 0.44 0.33 0.89 0.69 1.00
Mean education 12.97 1.25 .22 0.26 0.38 0.41 0.71 0.92 0.72 1.00

spondents were classified as non-Hispanic
Black or non-Hispanic White. For compara-
tive purposes, we used the 5-point self-
perceived health measure used by Geronimus
et al. in its continuous form (1 referring to poor
health and 5 referring to excellent health). To
provide an accurate replication of the original
study of Geronimus and colleagues,8 we as-
sumed that “ordered categorical responses re-
flect an underlying latent continuous vari-
able.”8(p531) Individual SES measures included
continuous years of completed schooling and
log of income-to-needs ratio. The midpoints
of the income categories used in the NHIS,
which are adjusted for family size, were used
in calculating income-to-needs ratios. This
measure provided comparability across house-
holds of different sizes. Controls for sex and
age were also included in the multivariate
analyses. The concatenated sample included
183706 individuals, among whom 12.2% re-
ported being in fair or poor health and 34.9%
reported being in excellent health.

Twovariablesderivedfromthe1990census
wereusedat the tractandblockgrouplevels: log
ofmedianhouseholdincomeofthetractorblock
group and mean educational attainment of the
inhabitants of the geographic aggregate.To cal-
culate mean education levels, we used grouped
censusdataandestimatedmeansbymultiplying
the number of individuals in each category by
the midpoint of the category.These values were
summedover thecategoriesforestimatesof total
numberofyearsofeducation,whichwassubse-
quently divided by the number of persons in the
geographic unit to obtain the mean educational
attainment in that unit. Data from 11477 block
groupsand8667tractswereusedinthisanalysis.

The analysis was divided into 2 parts. The
first part involved estimation of ordinary least

squares regressions for self-perceived health
from the individual and aggregate proxies for
educational attainment and income. The pur-
pose of these regressions was 3-fold. First, the
use of 3 measurement strategies (individual,
tract, and block group) in comparisons between
the coefficients for education and income
across the equations estimated helps illustrate
the size and direction of the bias in each of the
2 aggregate measures. Second, differences in
the coefficient attached to race demonstrate
the ability of different types of SES measures
to control for SES confounding in the rela-
tionship between health and race. Finally, dif-
ferences in the overall fit of the model demon-
strate the explanatory strength of different
measures. This strategy is consistent with the
method of interpreting results used by Geron-
imus and colleagues.

The second part of the analysis was de-
signed to assess the degree, direction, and na-
ture of the bias in the aggregate proxies. We
replicated the Geronimus et al. decomposition
in 2 steps. First, we regressed individual in-
come and education on the aggregate proxies
as well as on race, age, and sex, which pro-
vided empirical estimates of errors-in-variables
bias. Second, we regressed the residuals from
the health regressions (with individual SES
measures estimated in the first part of the analy-
sis) on the aggregate proxies and other covari-
ates at both the tract and block group levels,
which provided an estimate of the magnitude
and direction of the coefficient bias due to ag-
gregation. We compared these estimated bi-
ases with those reported by Geronimus et al. for
zip codes. Although we used different samples
from different years, our results were substan-
tially similar, and thus we believe that the com-
parisons are warranted.

Results

Means, standard deviations, and Pearson
correlation coefficients for the individual and
aggregate proxies appear in Table 1. These de-
scriptive results support Geronimus and
Bound’s conclusions concerning aggregate
proxies. Aggregate income and education
means were higher and showed less variability
than similar measures at the individual level.
There was only a slight difference between tract
and block group estimates, with no significant
trend by size of aggregate unit.

Individual SES and aggregate proxy mea-
sures were moderately correlated (0.33–0.44)
andofsimilar sizeacross tractandblockgroups.
Income and education were highly correlated
(0.69–0.92) within and across the geographic
aggregatesbutonlymoderatelycorrelatedat the
individual level (0.39). The consistency in the
direction and size of the sample statistics sug-
gests that, at leastat thedescriptive level, thesize
of thegeographicaggregatedidnotsignificantly
improvetheaccuracyof theSESproxymeasure.

The results of the ordinary least squares
regressions for self-perceived health appear in
Table 2. The first column contains the coeffi-
cient for race and controls for age and sex. The
next 3 columns add controls for income, edu-
cation, and the combination of income and ed-
ucation using (successively) individual, tract,
and block group measures.

The coefficients attached to the SES prox-
ies in regressions in which they were entered
singly were consistently higher than those at-
tached to the individual measures. The income
coefficient was between 33% and 50% larger,
and the education coefficient was between 46%
and 52% larger. The block group coefficients
were consistently smaller than those estimated
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TABLE 3—Bias Decomposition for Aggregate Socioeconomic Status (SES) Proxies: Census Tract and Block Group

Explanatory Income,a Coefficient (SE) Education,b Coefficient (SE) Income and Education, Coefficient (SE)

Variable Individual Income Residual Individual Education Residual Income Education Residual

SES proxy: tract
Race (White) 0.631 (0.005) 0.275 (0.005) –0.095 (0.007) 1.285 (0.018) 0.465 (0.018) –0.067 (0.007) 0.281 (0.005) 0.418 (0.018) –0.059 (0.007)
Aggregate proxy

Income 0.812 (0.005) 0.218 (0.006) 0.647 (0.007) 0.220 (0.024) 0.074 (0.009)
Education 0.941 (0.005) 0.078 (0.002) 0.076 (0.002) 0.884 (0.008) 0.030 (0.003)

R2 0.082 0.212 0.007 0.084 0.215 0.007 0.216 0.215 0.003

SES proxy: block group
Race (White) 0.631 (0.005) 0.272 (0.005) –0.094 (0.007) 1.285 (0.018) 0.450 (0.017) –0.067 (0.007) 0.273 (0.005) 0.351 (0.018) –0.060 (0.007)
Aggregate proxy

Income 0.741 (0.004) 0.195 (0.006) 0.565 (0.006) 0.393 (0.019) 0.069 (0.008)
Education 0.883 (0.005) 0.072 (0.002) 0.089 (0.002) 0.786 (0.007) 0.028 (0.003)

R2 0.082 0.218 0.007 0.084 0.223 0.008 0.226 0.225 0.003

aThe first 2 columns regress log of family income on race and aggregate proxies, respectively. The third column regresses the residuals from the individual-level
equations in Table 2 on race and aggregate proxies.

bThe first 2 columns regress educational attainment on race and aggregate proxies, respectively. The third column regresses the residuals from the individual-level
equations in Table 2 on race and aggregate proxies.

TABLE 2—Ordinary Least Squares Estimates of the Effects of Race and Socioeconomic Status (SES) Proxies on 
Self-Perceived Health

SES Proxy, Coefficient (SE)

Individuala Tracta Block Groupa

Explanatory Income + Income + Income +
Variable None Income Education Education Income Education Education Income Education Education

White 0.422 (0.007) 0.241 (0.007) 0.314 (0.007) 0.209 (0.007) 0.233 (0.007) 0.292 (0.007) 0.243 (0.007) 0.234 (0.007) 0.291 (0.007) 0.235 (0.007)

Income 0.318 (0.003) 0.220 (0.003) 0.476 (0.006) 0.232 (0.009) 0.431 (0.006) 0.222 (0.008)

Education 0.100 (0.001) 0.074 (0.001) 0.172 (0.002) 0.112 (0.003) 0.160 (0.002) 0.105 (0.003)

R2 0.128 0.183 0.189 0.211 0.154 0.157 0.160 0.211 0.155 0.158

Note. Data were derived from the National Health Interview Survey, 1988–1990, and 1990 census files. All equations include controls for sex and age.
aThe 3 columns below represent coefficients with controls for income, education, and their combination.

for the tracts but remained closer in magnitude
to the tracts than to the individual mea-
sures.These findings were consistent with both
analyses conducted by Geronimus and col-
leagues. Only a slight advantage was gained
in smaller aggregate units, while the size of the
difference remained relatively large between
aggregate and individual measures. Individual
model R2 values were slightly higher, while the
models with aggregate measures did not fit as
well, with the exception of the median income
block group model.

Our analysis of the confounding of race
with SES was not consistent with previous
analyses, however. Geronimus et al. suggested
that aggregate proxies do not sufficiently con-
trol for SES confounding in the interpretation
of race effects on health, which may cause an-
alysts to overstate the independent effect of
race. They supported this conclusion by dem-
onstrating that the size of the coefficient at-
tached to race is not reduced by the same de-

gree with the introduction of aggregate SES
proxies as it is with individual measures.

In our analysis, the tract and block group
measures were as effective as the individual
measures in controlling for SES confounding
in the interpretation of the effect of race on
health outcomes, with the exception of the final
equation in each set, which included education
and income simultaneously. In the case of tracts
and block groups, median aggregate income
alone did a better job of accounting for the ef-
fect of race than did the combination. One
method for reconciling this result with the find-
ings of Geronimus and colleagues involves dif-
ferences in the racial and economic homo-
geneity of the aggregate unit. The advantage
of smaller, consistently defined aggregate units
may be their degree of demographic homo-
geneity, which increases the likelihood that the
aggregate proxy captures both individual ef-
fects and “contextual” or neighborhood effects
of SES.

Data on the decomposition of the source
and direction of the coefficient bias (as de-
scribed by Geronimus et al.) appear in Table 3.
The top section contains the decomposition for
the tract-level measures, and the bottom section
includes data on the block group measures.
The first 2 sets of equations in each subsec-
tion contain the coefficients for the regressions
of race and the aggregate SES proxy singly or
in combination after control for age and sex.
These equations can be used to assess the de-
gree to which the lack of a perfect correlation
between aggregate and individual measures of
SES affects the predicted impact of SES on
health and fails to alleviate the confounding of
race with income (errors in variables).

The final column in each subsection of
Table 3 contains the regressions for the resid-
uals from the equations that appear in Table 2;
these regressions include controls for individ-
ual SES and other demographic characteris-
tics. These values provide an indication of the
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degree to which proxy measures of SES assess
a larger concept than individual SES measures
(aggregation bias).

Our results suggest that the smaller ag-
gregates, with 2 exceptions, systematically re-
duced the degree of empirical bias introduced
by the use of aggregate proxies for individual
SES in individual-level analyses. However, all
sources of bias remained significant and sub-
stantial, even for measures based on the block
group aggregate, which contained an average
of approximately 1000 people. Thus, although
there may have been gains from using smaller
geographic areas, the bias remained.

The first issue identified by Geronimus
and colleagues was the extent to which the es-
timate of the effects of income (education) on
health may be affected by the use of a proxy.
The coefficients attached to income in columns
2 and 5 of Table 3 indicate the degree to which
the estimated coefficient may have been down-
wardly biased owing to the limited correlation
between the individual and aggregate proxy
(errors in variables). The more removed the co-
efficients in columns 2 and 5 from 1, the larger
the downward bias in the estimated relation-
ship between the SES indicators and health
(see Geronimus et al.8 for a full description of
the calculation of these effects).

In the case of income, the tract (0.812)
and block (0.741) proxies actually introduced
more downward bias than the zip code, as es-
timated by Geronimus and colleagues (0.983).
In the case of education, the tract (0.941) and
the block group (0.883) both introduced less
bias than the zip code (0.779). While logically
the result for income seems counterintuitive,
it may be that larger aggregate units provide
more robust estimates because the sample is
larger, which improves the correlation between
individuals and aggregates. Also, the aggre-
gate proxy may measure a broader concept of
economic status than individual SES (aggre-
gation bias), and thus the aggregate proxy may
have a larger impact on health than would be ex-
pected for the individual SES measure.The co-
efficients attached to income and education in
the third and sixth columns ofTable 3 are esti-
mates of this upward bias. The larger the pos-
itive estimate (given an additive rather than a
multiplicative effect), the more bias introduced.
In this case, smaller aggregates unambiguously
introduced less bias for income (0.318 for zip
codes, 0.218 for tracts, and 0.195 for block
groups) but not for education (0.068, 0.078,
and 0.072, respectively).

The second issue identified by Geroni-
mus and colleagues was whether the use of ag-
gregate proxies imperfectly controls the con-
founding of race with income in analyses of
the impact of race on health. Errors-in-variables
bias (measured by the race coefficients in
columns 2 and 5 of Table 3) scales the amount

of bias introduced by the correlation between
race and income. The smaller the coefficient,
the less bias introduced by the proxy measure.
In the case of both income (0.412 for zip code
[as reported by Geronimus et al.], 0.275 for
tract, and 0.272 for block group) and educa-
tion (0.522, 0.465, and 0.450, respectively),
the smaller aggregates introduced less bias.

Block groups and tracts also reduced the
amount of SES confounding with race because
they may have captured a more inclusive mea-
sure of economic status than individual SES,
and it is likely that they were the appropriate
aggregate unit in which to assess this measure.
The coefficients attached to race in the third
andsixthcolumnsofTable 3describe thedegree
to which confounding may have been reduced
by the addition of the aggregate measure. The
more negative the coefficient, the larger the re-
duction in bias. Again, the smaller aggregates
had the advantage of reducing the bias more
than the larger aggregates for both income
(–0.086 for zip codes, –0.095 for tracts, and
–0.094 for block groups in Geronimus et al.8)
and education (0.068, 0.078, and 0.072, re-
spectively), although the relationship was not
monotonic.

Discussion

This replication emphasizes 2 main points
that will be of use to researchers who are con-
templating using geographic proxies for indi-
vidual measures of SES. First, these findings
support the original work of Geronimus and
colleagues, which demonstrated that aggregate
proxies cannot be used without acknowledg-
ment of the potential bias introduced in esti-
mating coefficients attached to SES measures.
This replication, which provides surprisingly
consistent results given the differences in data
collection, does not suffer from any of the po-
tential limitations identified by critics of Ger-
onimus and Bound (e.g., selective loss to
follow-up, limited geocoding).

Second, this research suggests that al-
though the magnitude of the bias is substan-
tial, it decreases with the size of the geographic
unit for most sources of bias. Therefore, al-
though researchers using aggregate proxies
clearly cannot ignore the inherent bias, mea-
sures from smaller geographic units may pro-
duce results for aggregate SES measures that
are slightly less biased.

This analysis does not suggest that indi-
vidual measures of SES alone are perfect mea-
sures of economic status or access to resources
that produce good health. We found, conversely,
that in some cases the aggregate proxy is more
likely to control SES confounding in the rela-
tionship between SES and race. This is con-
sistent with emerging research on the effect of

neighborhoods on the health of minorities.15–18

Thus, researchers should also be cautious in
their use of individual measures alone.
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A B S T R A C T

Objectives. This study determined
infection risk for HIV, hepatitis B virus
(HBV), and hepatitis C virus (HCV)
from needle reuse at a phlebotomy cen-
ter that possibly exposed 3810 patients to
infection.

Methods. We used a model for the
risk of infection per blood draw, supple-
mented by subsequent testing results
from 1699 patients.

Results. The highest risk of trans-
mission was for HBV infection: 1.1x10–6

in the best case and 1.2×10–3 in the (un-
likely) worst case. Subsequent testing
yielded prevalence rates of 0.12%,
0.41%, and 0.88% for HIV, HBV, and
HCV, respectively, lower than National
Health and Nutrition Examination Sur-
vey III prevalence estimates.

Conclusions. The infection risk was
very low; few, if any, transmissions are
likely to have occurred. (Am J Public
Health. 2001;91:636–638)
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In March 1999, a phlebotomist in Palo
Alto, Calif, admitted to reusing needles 5 to
10 times to draw blood (E.A. Kaufman, oral
communication, April 1999), contrary to ac-
cepted standards.1,2 The company that oper-
ated the phlebotomy center initiated a notifi-
cation, counseling, and testing program for
concerned patients; this program ultimately in-
volved approximately 15300 patients, includ-
ing those at other service centers (E.A. Kauf-
man, oral communication, August 1999).

We performed a quantitative risk assess-
ment3 as part of the investigation. For HIV, hep-
atitis B virus (HBV), or hepatitis C virus
(HCV), we calculated best- and worst-case sce-
narios for (1) the probability that a patient
would have become infected after a single
blood draw, (2) the expected number of indi-
viduals who might have become infected owing
to needle reuse, and (3) the fraction of subse-
quently detected infections that could be at-
tributable to needle reuse. We then compared
these calculations with results of subsequent
testing of patients.

Methods

If needles are reused only once, the
probability of infection per draw is the prod-
uct of the baseline prevalence, the needle
reuse rate (number of reused needles divided
by the total number of draws), and the trans-
mission probability from a contaminated
needle.3–5 The expected number of new
(reuse-related) infections was found by mul-
tiplying the number of people uninfected at
baseline by this risk per draw and by the num-
ber of draws per individual; the fraction of
infections attributable to needle reuse was

found by dividing the expected number of
new (reuse-related) infections by the total
number of infections (baseline infections and
new reuse-related infections). Models of mul-
tiple needle reuse and sensitivity analysis are
available elsewhere.3

The implicated health care worker
(HCW1) was the sole phlebotomist during
most of the time she worked at the center
(June 1, 1997–March 23, 1999); during this
time, there were 6272 blood draws on 3810
patients. HCW1 said that 5 to 10 23-gauge but-
terfly needles were reused once6; statements
from another health care worker (HCW2) al-
leged that HCW1 used butterfly needles more
often than straight needles and reused butter-
fly needles more often than she used sterile
butterfly needles; HCW2 also alleged that
HCW1 claimed that needles could be reused
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